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THF USE OF CUING IN TRAINING TASKS: PHASE II

ABSTRACT

The report fallg into three sections, a review of the literature
on training for auditory tasks, an account of three experiments
comparing cuing and knowledge of results as training techniques for
a detection task, and the comparison of cuing and knowledge of
results in an intensity discrimination task.

The review of the literature indicates some disagreement on the
kind and amount of improvement in simple auditory tasks. Some
improvement is undoubtedly due to familiarisation with the mechanics
of listening and responding. Some may be due to changes in response
criterion and some may he due to & genuine sensitisation to the
auditory signals. The variety of techniques and performance measurcs
does not facilitate straight~forward generalisation, although it is
reasonably clear that some kindsof treining can be effective.

Investigating & previous rinding that cuing and knowledge of
results affect response oriterion differently, the subjects in a
detection task were required to respond with three degrees of
confidence. It was found that subjective confidence is not affected
by training, but knowledge of resul*s still produced more "risky"
behaviour than cuing as defined by the distribution of detections
and false positive responses.

Investigating the hypothesis that this difference was due
to the neocessarily higher rate of responding in knowledge of results
an experimentally controlled rate of responding reduced the difference
but did not eliminate it. A "cuing" procedure with no signal
presented atall led to performance similar to that under "genuine"
cuing, suggesting that in this task signal distribution is primarily
what is learned and not, as had been hypothesized, the nature of the
signal. Pogt=training vigilance performance appeared not to differ
for the two techniques. In fact neither group showed significant
changes in detection or false positives over a half hour vigilance
session,

In the third section cuing, knowledge of results and reduced
noise were compared in training intensity discrimination. In this
case knowledge of results was effective, the other technigues not
leading to improvement over five omne=hour sessions, As in the
detection task, however, cuing and knowledge of results were
distinguished by increasing cautinn and inecreasing oonfidence
respectively following training.

Reproduction of this publication in whole or
in pav! is permitted for any purpose ¢f the
United States Government.
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FOREWORD

PurEose

One of the critical needs of the Navy is to determine the
Ytriainable factors' in sonar and to learn how to optimally conduct
such training.

This study is the second phase of such an on-going program
of :xperimentation. It is concerned primarily with the techniques
of cuing and knowledge of results (KR) on a range of auditory
detzction and discrimination tasks,

In the first phase of this program (Annett and Clarkson, 1964),
cuing was found to be more effective than KR in an auditory signal
detection task. However, in view of the past history of learning
theory it seems so unlikely that knowledge of results should turn
out to be an inefficient training technique that its use was continued
in the present phase of the study to be certain of the results.

Specifically, then, the main purposes of this phase were:

1. To investigate the surprising finding that cuing was found to
be more effective than knowledge of results.

2. To clarify the finding that cuing and knowledge of results
have different effects in auditory vigilance tasks, namely, that KR
results in risky behavior (as shown by a large number of false

detections), while cuing results in a more cautious approach (reduces

false positive score).

Results

Among the results discussed in detail in the report are the
following:

l. A critical review of the literature revealed extensive
disagreement about the nature of auditory learning and about the
optimal method of training.
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2. The superiority of cuing over knowledge of results found
in the previous phase for auditory detection was not confirmed in
the present study, KR resulting in a greater, though insignificant,
increase in detections.

3. The previous finding that cuing and KR result in different
response effects was repeated. That is, KK led to a more lax
response criterion, resulting in an increase in false positives,
whereas cuing resulted in more cautious behavior, shown by a
decrease in errors (false positives).

Implications

The results of this study are not yet applicable to sonar training.
It is still necessary to extend this line of research to more complex
signals, up to and including real sonar sounds. Also, longer periods
than a half-hour are indicated for studying vigilance. However,
this program has formed a baseline for the next phase of research
using more complex discriminations.

The relative effectiveness of cuing versus KR as training
methods may be a function of the specific task being learned. KR
appears more advantageous when the task requires the detection
of larger percentages of signals, regardless of the number of false

responses. On the other hand, cuing gives better results when cautious

behavior, that is, fewer false detections are desired.

There is also evidence that method of training interacts with
stage of training. The determination of the optimal combination
of training methods for type of task and stage of training requires
further research. The next phase will investigate the effect of
increased complexity on these interactions.

AN 4/ P YA
Gene S. Micheli, Fh.D.

Life and Behavioral Sciences
Department
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1. LITERATURE REVIEW

1.1 Introduction.

In monitoring tasks such as sonar, man's role in the detection and
classification of signals remains crucial., Despite highly developed
hardware, certain perceptual functions are still performed better by
man, especially when the input is complex or masked by noise. The
sonarman's detection and classification skills are developed partly by
training but also require two or three years of shipboard experience.
Yet little is known about the learning process that takes place during
either controlled training or experience on the task. The present project
investigated mechanisms by which two training methods operate, as well
as comparing their e¢ffectiveness, The methods used were cuing, which
consisted of a prompt before each auditory signal to identify it or to
warn the subject it was coming, and knowledge of results (KR) which was
information on the correctness of a response given after the response
had been made. Knowledge of results has theoretical support but cuing
or guidance techniques do not feature in theoretical formulations of

learning., Since cuing techniques are v.idely used they clearly need closer
investigation.

It may be questioned whether improvements in perceptual judgments
are really affected by practice and training., The sonar man appears to
improvc his perceptual skills by practice but we know little of the
learning process involved. Before discussing training methods we must

examine the evidence for saying that perceptual judgments, especially
auditory, are susceptible to training.

1.2 Practice or Training Effects on Perceptual Judgments,

1.2.1. Absolute intensity thresholds.

Some doubt has recently been thrown on the effectiveness of practice
in lowering the absolute intensity threshold. Swets and Sewall (1963)
reached the Ygeneral conclusion® that the effect of practice is limited to
the first session and that it is no more than 0 - 2 db for other than low
frequencies, This conclusion, however, is limited to experiments in ™
which feedback and signal specification were given. Signal specification
is a means of ensuring that the subject knows the nature of the signal for
which he is listening. Swets and Sewall specified the signal by giving 5

2.
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trials with the masking noise attenuated 10 db before each block of 100
trials. More complete specification has been used by Gundy (1961) who
first presentad the signal three times with its intensity raised 10 db
above test level and then presented it at test level until the subject
reported twice consecutively that he had heard it. Like Swets and Sewall,
Gundy found that there was little practice effect when the signal was
specified. Gundy specified the signal for one group but not for the other
and then gave half of each group KR and the other hald practice. The
non-specification group began at a lower level than the specification
group and showed a gradual improvement while the specification group
showed only a very slight improvement. The signal was then specified
for all subjects and subsequently they all performed at a similar level.
Some of the improvement found by other experimenters may, therefore,
be due to subjects not knowing clearly what the signal was that they had

to detect.

Other experiments quoted by Swets and Sewall do not entirely bear
out the conclusion that there is only a small practice effect which is
limited to the first session. Lukasze vski and Elliott {1961) using a
1000 c.p.s. tone compared the practice effect with and without KR.
The mean threshold for the KR group was 3.4 db lower than the no-KR
group. Most of this improvement occurred during the first session.
For the group as a whole there was a 2 db improvement which extended
over seven 35-minute sessions although most of it did occur in the
first few minutes, Also with a 1000 c.p.s. tone Zwislocki et aL {1958)
found a 2 db effect over four half-hour sessions.

The biggest improvements have been with low frequency signals.
With a 100 c.p.s. tone, Zwislocki et al (1958) found improvements of
from 5 to iC 4b with feedback or feedback plus bonus and 5 db without
feedback or bonus. With feedback and bonus, a group given a forced-
choice method combined with a tracking method, which involved changing
the signal intensity to follow the subject's measured threshold, showed
an improvement of 10 db. With the forced-choice procedure and feedback
and bonus a 5 db effect was observed over eight blocks of 100 trials.

The tracking procedure with feedback and bonus produced a 9 db effect
over three half-hour sessions, The improvement is marked for all
conditions and is greater with feedback than without, The length of

time over which improvement continued varied considerably. For most
conditions it continued over several sessions, but of the 10 db improvement
for the combined forced~choice and tracking procedure 6 db was gained

2
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in the first fifty trials, It may be that this method required a good deal
of adjustment from the subject and that this large, rapid improvement was
due to the adjustment taking place quickly,

These large improvements for low frequencies contrast with the
rather small effects found for high frequencies. Zwislocki et al.(1955 and
1958) found a 6 db lowering of the threshold for a 125 c.p.s. signal but
this was progressively reduced for tones up to 1000 c.p.s. Loeb and
Dickson (1961) obtained results that are not in complete agreement with
this, for although they did find that the effect at 1000 c.p.s. was smaller
and less significant than the large effect at 125 c.p.s. they also found
that at 500 c.p.s. the effect was insignificant. It was suggested that
the large practice effect at low frequencies was due to the subjects learning
to discriminate between the signal and a low frequency physiological noise.
As predicted, no practice effect was found at any {requency when measured
against a background of random noise. Efforts to induce a practice effect
for a high-frequency tone by introducing a high-frequency background noise
were unsuccessful. Moreover practice effects against a background of noise
have been found. Annett and Clarkson (1964) found an increase in detection
for both KR and cuing groups, and Gundy {1961) found an increase of 4 = 5
db with feedback but no signal specification and 1.5 db with feedback and
specification. Both used a background of white noise. The relationship
between noise background and the practice effect at different frequencies
is not at all clear. So we cannot say why there are different degrees of
improvement at different frequencies but there is an important distinction
between the large improvements in thresholds with low frequencies and
the rather small improvements at high frequencies,

Not all experiments on intensity thresholds show an improvement,
however, Swets and Sewall (1963}, as mentioned, found only a fairly
small effect., There are sevaral possible reasons for this failare to find
an improvement., The effect of signal specification has already heen
discussed and it was suggested that some of the improvement which other
experimenters have found may be due to the subject not knowing the signal
characteristics clearly at the beginning. Since it is not always easy to
specify the signal it ie important to know that training with KR produces
an improvement when the signal is unspecified.

Another possible reason for the lack of improvement found by Swets
and Sewall is that in the first part of the experiment in which they used
a two - alternative forced-choice procedure, they used four different
signal energies in different blocks of trials, Campbell {1964), who also

3
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found no systematic effect of practice with feedback, varied the loudness
of the signal to keep average detection level at a predetermined value.

It may be that when the amplitude of the signal is varied the subject has
difficulty in establishing an appropriate criterion for reporting the presence
of a signal, Some support for this suggestion is given by an experiment
by Wiener (1964} who found in a visual task that training with greater or
smaller signal amplitude produced change in performance during training
but this did not transfer to a session with a middle value for amplitude.
It would seem, therefore, that to increase subjects’ ability to detect a
particular signal of a particular amplitude, training should use that
specific signal. This presents a difficulty if the problem is to train for
detection of a variable signal.

In the second part of Swets and Sewall's experiment subjects had to
give a "Yes/No" response on each trial and rate how confident they were
about their response, after three days practice with this method. Again
little improvement was found. It may be that some of the practice effect
found by others was due to habituation to the experimental situation,
whereas in the Swets and Sewall experiment this habituation has aiready
taken place. Since in some cases the practice effect continued over
several sessions it seems unlikely that this was the only improvement
that took place,

1.2.2. Frequency.

Having discussed the research literature on intensity thresholds,
we must now consider what evidence there is for improvement in
thresholds for frequencv. Unfortunately there is a lack of experiments
on improvement of duration discriminations.

1.2.2.1. Frequency: absolute thresholds. Gibson (1953b) refers

to experiments on the upper and lower limens for pitch. Guilford (1936)
while measuring the lower limen by the method of minimal changes
obtained data for which the difference between the first 10 and last 10
series was "almost significant enough to suggest a lowering of the limen
as if by a practice effect during the course of the experiment”. Humes
(1930) found practice lowered th= upper tonal limen and suggested that
subjects become more discriminating in calling a sound "“tone", as
opposed to noise, after practice.

1.2.2.2. Frequency: differential thresholds. On frequency discrimination,
a recent experiment by Campbell and Small (1963) found an improvement

4
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over six one~hour sessions. For a KR and no-KR group combined there
was a decrease from 7.3 c.p.s. to 4,2 c.p.s. in the median difference
limen (DL). Also the constant error became less variable, Gibson's
(1953b) review of perceptual learning mentions twelve studies on
frequency discrimination of which ten show an improvement. Wyatt (19345)
trained subjects for twelve 50-minute periods. They began by listening
to a 500 c.p.s. tone and attempting to sing it. A stroboscopic technique
gave the subject feedback. The subject then practiced on tones above
and below the standard. Training was also given on direct frequency
discrimination using a "progressive" technique with feedback. The
progressive technique consisted of giving progressively more difficult
discriminations. Wyatt thought that auditory imagery and motor
participation were the most useful ¢raining aids but Gibson points out
that these methods involved a great deal of feedback.

Other successful methods also used feedback. Seashore {1939) gave
five to six hours progressive training with feedback with resulting
lowered DL's and an increase of 38 points in centile rank on the Seashore
test. Capurso (1934) found a gain of 24 centile points on this test
following training with feedback and a technique of associating "mood"
words with particular musical intervals. Gibson notes that the
unsuccessful studies she mentions did not involve feedback.

Gibson asks whether training like that given by Wyatt resuits in
reduced differential thresholds. Finer discrimination may be the
result of learning specific names or categories for certain bands or
ranges of stimauli. She suggests that perhaps differential reinforcement
with pitch names reduces generalisation to the physiological limit,

1.2.3. Complex stimuli,

The previous discussion is concerned with imiproved judgments
for simple stimuli but work has also been done on perceptual learning
with regard to complex stimuli, Swets et al.(Swets, 1962; Swets, Harris,
McElroy and Rudloe, 1964) used five - dimensional signals in experiments
comparing various training methods. The amcunt of learning cannot
be judged as pre-test levels are not given, but differences between
groups on the post-test show that the treatments have had differential
effects on periormance. Sidley, Windgrad and Bedarf (1965) compared
the effects of two kinds of KR on learning to identify complex sounds.
With KR in which the signal remained andible during response and feedback,
they found about 45% improvement in detections over ten hours, with no
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sign of an asymptote being reached, With KR without signal-response
overlap the improvement was about 20%.

Miller (1956) has compared the information transmitted in uni-
dimensional and multi-dimensional judgme:ts. For auditory, visual
and tactile stimuli the mean was 2 - 6 bits for uni-dimensional
discrimination and the average was rather ...gher for multi-dimensional.
In a six - dimensional auditory expcriment by Pollack and Ficks (1954)
it was found that 7. 2 bits were transmitted.

Gibson (1953a) reports some experiments on speech perception.
Black (1946) found that when listeners were trained for hearing over
an interphone system, greatest gains were produced by practice with
the actual words used in test conditions; but Licklider and Pollack
(1948) and Egan (1948) found an improvement in understanding masked
or distorted speech over and above increased familiarity with the words.
Gibson (1953b) also mentions data on intelligibility of spoken messages
under conditions of constant noise level. When values for given words
were corrected for word form, the correlation between frequency of
correct transcription of sentences and average frequency of the rarest
word was .77. Other training which gave some improvement was
hearing the words with visual confirmation, and the same plus familiarity
with the voice speaking. Important factors in speech perception in
these experiments were learning the actual words used, average frequency
of the words, visual confirmation and familiarity with the voice.

1.2.4. Summary

Although training methods used vary considerably and so does the
amount of improvement and tne number of sessions over which it extends
it seems clear that improvements in auditory detection and discrimination
have been found for intensity and frequency, and for complex stimuli.
Although Swets' conclusion that improvement of intensity judgments is
restricted to one session does not apply to all the experiments mentioned
it seems quite likely that some of the improvement found is due to
increased familiarity with the test situation. For example, Zwislocki
et al. (1958) found a 6 db effect in the first 50 trials, and it seems possible
that such rapid improvement could be due simply to increased familiarity
with the task. Swets found only a small practice effect after a previous
three days'® practice with the rating method used, which would have made
the subjects familiar with the task.
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No experiment seems to have specifically attempted to measure the
amount of improvement in auditory judgments which is due simply to
increasing familiarity with the task, but there is one interesting, relevant
experiment., Coover and Angell {(1907) tested subjects for discrimination
of shades of grey, then gave seventeen days of training on auditory
discrimination learning and finally retested them on discrimination of
the greys. They found that reaction times to the greys showed a transfer
from the auditory discrimination. Although it is impossible to say how
much of the improvement in the experiments mentioned is due to
habituation to the experimental situation, when improvement continued
for as much as seven 35-minute sessions {Lukaszewski and Elliott, 1961)
or ten hours (Sidley, Windgrad and Bedarf, 1965) it seems as if it canndt
all be attributed to increased familiarity with the task,

The Swets and Sewall (1963) and Gundy (1961) experiments using
signal specification suggest that some improvement may be due to subjects
not knowing clearly at the beginning of a session what the signal is that
they have to detect. Since it may not always be easy to specify the signal
exactly it is useful to know that performance improves in such a situation.

None of the experiments on complex stimuli necessarily show any
increase in sensitivity to the stimuli but there are various ways in which
training can improve performance by enabling subjects to learn about
the task,

Having summarised evidence to show that improvements do take
place in auditory judgments we must now look at the amount of improvement
obtained with different kinds of training and how this improvement occurs.
In particular, we must try to decide whether sensitivity to the signal
is increased or whether the improvement is of some other kind.

1.3. Varieties of Training.

The previous section concluded that improvements in perceptual
judgments may be obtained through practice or training. The next
problem to be discussed therefore relates to differences in the amount
and kind of change in performance following different training methods.
The main training methods discussed are knowledge of results (the
most-used) and cuing or prompting. Pretraining of various kinds,
programmed instruction, and incentives have also been used.

¥
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1.3.1. Knowledge of results,

Knowledge of results has been defined as "knowledge which an
individual or group receives relating to the outcome of a response or
group of responses ' (Annett, 1961). Annett discussed various
techniques of KR which, although they all come within the definition of
KR, differ widely in other ways. KR may, for example, be simply
evaluative (e.g. saying 'Good?) or an "end score', or some form of
error feedback which might give the kind or amount of error., The
response measures used vary as widely as the techniques of KR. The
variety of forms of KR and response measures increases the difficulty
of coming to general conclusions about KR and it is difficult to make
a direct comparison of the results from different experiments.

Generally speaking, however, KR proiuces an improvement in
performance. Some exceptions to this generalisation have already been
discussed (Swets and Sewall, 1963; Campbell, 1964). The results of
the relevant experiments are not all directly comparable since some
experimenters have given results as threshold changes, others as latency,
others as d', and others as percent detections, sometimes with percent
false positives. Signal detectability theory {e.g. Swets, Tanner and
Birdsall, 1961) has given increased importance to false positive rates.
(Signal detection is treated as including a decision process by which the
subject decides whether each subjective observation is to be judged a
signal or nossignal.) The criterion for a "Yes'" response may be lowered
to increase detections but at the cost of an increase in false positives
(FP*s). But the rise in FP's for a particular rise in detections is less
than if the subject were merely guessing. For those interested in
monitoring tasks such as sonar the most appropriate measures are
detection and false positive rates. Related to this is the question of
whether any improvement following training is the result of a lowered
response criterion or increased sensitivity. Before dealing with the
results expressed as detections and FP's we will summarise the results
of other types of experiments.

The threshold and latency experiments really oanly demonstrate that
KR does improve performance on perceptual tasks. The experiments
giving detection and FP rates . re more interesting because of the insight
they give into the mechanisms by which KR operates,

a. “Thresholds', These experiments have already been mentioned

8
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in the discussion of intensity and frequency thresholds. Lukaszewski
and Elliott (1961), Zwisiocki, et al. (1958), Guilford (1936) and
Campbell and Small (1963) have all found improvements, in some cases
extending over several sessions, These experiments all dealt with
intensity or pitch, however, but at least the important sound dimensions
are trainable with KR, The reasons for Swets and Sewall's (1963) and
Campbell?s (1964) finding of little or no improvement have already been
discussed.

b. Latency. This measure has been used by experimenters interested
in response changes during a watch., Usually a decrement in latency occurs
over time but KR of various kinds prevents or lessens the decrement during
the sessions on which KR is given. Loeb and Schmidt (1963) gave both
true and false KR on the latency of responses and found false KR lessened
the decrement while KR eliminated it. Adams and Humes {1963) also found
a lessened latency decrement with KR and this transferred to sessions
with no KR. Since other groups were aware of the teraporal distribution
of the signals {detections were never below 98%) and neutral stimulation
was ineffective, Adams and Humes interpret KR as ''a habit operation
for monitoring behavior." Their experiment rules out arousal or improved
temporal expectancies as the method by which response latency was kept
from increasing., The change in performance seems to be some kind of
change in response criterion.

c. Detections and false positives. Although the above experiments
illustrate that performance usually improves with KR, the most relevant
results for our present project are those expressed in terms of detections
and false positives since these are crucial to the problem of detection.

If we accept the general finding of an improvement following KR then the
next stage is to investigate the mechanisms by which KR operates. KR
could affect sensitivity and response criterion independently. The
experiments in Section 2 of this report investigate the hypothesis that

KR lowers the response criterion., This hypothesis was based on the results
of a previous experiment. It is convenient at this point to make a distinction
between three kinds of KR:-

(1) full KR in \ hich KR is given on aill responses and also, if
the situation is free-responding not fixed-response-interval, on missed
signals.

(2) KR on response only, when the respond method is free-responding
and signals may be missed. This is referred to here as partial KR,

9
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(3) missed-signal KR in which information is given only about
signals which are undetected. (This is not included in the original definition
of KR but has been called KR by its users.)

In (2), partial KR, an increase in response~-rate gives the subject
more information about signal occurrence while in (1) and (3) 1t does not.
In (1) if the response~-method is fixed-interval the response rate cannot
be raised and anyway full KR is already given; while with a free~response
method full KR including missed signals is given regardless of response
rate. In (3) the response rate can be changed but this does not alter the
information given the subject since no feedback is given on responses
made,

Using partial KR, Annett and Clarkson (1964) found an improvement
in percent detections but also an increase in percent error. The hypothesis
was made that this kind of KR encouraged subjects to respond more
frequently to get information and that this higher rate of response carrie
over into the post-test. One of the present experiments (Section 2) tests
this by using fixed-response intervals so that the subject cannot increase
his response rate and is already given full information, With this method

there was less of an increase in detections and FPs than in the free-responding

situation, as expected, but there was still some tendency for subjects to
increase their total "yes! responses thus increasing detections at the cost
of a slight increase in percent error. So it seems that KR may have a
slight tendency to lower the response criterion apart from any necessity
to do so to get information on signal occurrence.

This suggestion is supported by the . esults of the intensity
discrimination experiment in the present report (Section 3). Here subjects
had to classify comparison stimuli as "more,” ["less" or “same' compared
with a standard, The group which had received KR increased the
proportion of responses in the “more' and "less" categories while the
cuing group increased responses in the “same" category. This wa~
interpreted as an increased willingness to make an extreme judgment
rather than to place unsure responses in the middle "same" category. It
is as if subjects become more willing to test out their unsure judgments
while receiving KR, and this lowered criterion for "yes'" or extreme
category responses carries over to the post~-test, Thus partial KR has
the effect of lowering the subject's response criterion so that he obtains
more information, but even if full information is given the response
criterion may be lowered, though perhaps to a lesser extent,
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Relevant to the hypothesis of a lowered response criterion following
partial KR is an experiment by Wiener {(1963) who compa-ed full KR,
partial KR and a control condition, The two ¥R groups were akout equal
on detections but the full KR group had fewer FPs than the controls
whereas the partial KR group had more. So full KR does not necessarily
increase the FP rate even when detections increase, thus indicating
that not all of the improvement following KR can be attributed to a
change of c:iierion. The partial KR group, however, has a higher FP
rate than the controls, as expected. In this instance partial KR
lowered the response criterion as Annett and Clarkson (1964) found, but
full KR did not lower the criterion.

It remains to see how missed~signal KR affects performance. When
only missed~signal information is given the subject will not receive any
more information if he increases his response rate, but the KR he is
receiving tells him that if he wishes to detect all the signals he must
increase his response rate. This is ir fact what subjects do, although
they are not told whether their increased numbers of responses are
correct or not. Mackworth {1964) found that both true and false KR on
missed signals gave more FP's and more detections than a control
condition. Kinchla and Atkinson (1964a) found similarly that false KR
on missed signals increased the probability of both a hit and a miss,

So as well as lowering the response criterion to obtain more information,
a subject may lower his criterion if he is told that he is missing some
signals. This could have been why there was an increase in FPs and
detections in the full KR, fixed-~response-interval experiment reported
in Section 2 and mentioned above., A wrong "No" response indicates to
the subject that he has missed a signal. So far it looks as if KR does
produce an increase in detections but at the cost of an increase in FPs
which indicates that the response criterion has been lowered., The
amount that the criterion is lowered and the way in which this change

is brought about varies with the way in which KR is given.

To summarise these results,

a. Partial KR in a freee~responding situation lowers the criterion
(Annett and Clarkson, 1964; Wiener, 1963; Kinchla and Atkinson, 1964a;
present report, Section 2). By comparison witk full KR, which lowers
the criterion less or not at all, it seems this lowzring of the criterion
is at least partly in order io obtain more information about signal i
occurrence, such information being dependent on responses when KR is )
partial (Wiener, 1963; present report, Section 2). ]
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b. Even with full KR the criterion may be lowered though to a
lesser extent than with partial KR (present report, Section 2). Also
subjects become more willing to use extreme response cat:gories
(present report, Section 3). With full KR subjects do not receive more
information by lowering their response criterion, It is as if subjecis
became more willing to test out their unsure judgments,

c. KR only on missed-signals lowers the criterion although no
more information is obtained. Presumably KR tells subjects their
response rate is too low and they increase it regardless of cost in FP's,

d. With full KR subjecis may obtain more detections than ¢ 1trols
but without a correspondingly higher FP rate (Wiener, 1963), This
suggests that not all the improvement found with KR is due to lowered
response criterion. KR, however, has also been found to produce
apparently rather different results, Atkinson et al. (1964) found that
if the signal was more likely to occur in one of two forced~choice intervals
than in the other then KR increased the number of responses to that
interval. Kinchla and Atkinson (1964b) found that subjects could utilise
the sequential statistical properties of a signal schedule (in this case
the probability f two consecutive trials with a signal presented in each)
and that this efiect was more marked with feedback than without. These
results may be regarded as a more complex example of KR altering
the response criterion, if the criterion is thought of as one that can be
altered during the experimental session. Swets et al. (e.g. Swets,
Tanner and Birdsall, 1961) tend to treat the criterion as fixed throughout
a session, while Atkinson and Kinchla (1965) suggest there is a response
bias which changes with learning during a session with feedback.

Generally speaking then, KR lowers the rcsponse criterion. One
exception to this is a kind of KR not yet mentioned ~ KR on false positives
only, Chinn and Alluisi (1964) used this type of KR and found a decrease
in FP's and also an increase in reaction times for correct detections.
Although an apparent contradiction to what has been said about the effect
of KR, this makes sense when the actual information given is considered.
The subject is told when he makes a wrong response and will therefore
learn to decrease such responses without, however, learning about the
true nature of the signal or of its temporal distribution. This tendency
to decrease responses transfers to correct detections and shows as
increased reaction times. The other results from Chinn and Alluisi's
(1964) experiment unfortunately do not fit the above interpretation of the
mechanism of KR. A group given KR on missed signals only gave a
decreased FP rate with no significant change in detections ~ a completely
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different result from other experiments with missed signal KR, Partial
KR on correct detections only decreased the proportion of missed signals
with no effect on ¥P's, This KR is informationally equivalent to partial
KR on both correct and wrong responses which usually increases both
detections and FPs, There is no obvious reason for these result